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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high temp, high 
output operation at a specified visiblle range, by using a 
specified mixed crystal semiconductor contg. N as a 
component element in a light emitting layer. 
SOLUTION: A lower reflection mirror 201, a light 
emitting layer 202 and an upper reflection mirror 205 are 
laminated on a crystal substrate 101 to form a surface- 
emitting semiconductor laser element for radiating a light 
in a direction perpendicular to the crystal substrate 101. 
The light emitting layer uses an N-contg. Gaxlnl- 
xNyP1-y mixed crystal semiconductor as a component 
element, GaxIn1-xNyP1-y is a 4-element mixed crystal 
material contg. N as a V group element introduced in a 
GaxIn1-xP 4-element mixed crystal, and the inhibition 
band of GaxIn1-xP is in the range of 1.35-2.24 eV for 
direct transition and when N is a little introduced in 
GaxIn1-xP, its inhibition bandwidth reduces about 150 
eV with 1% of the N compsn. Hence GaxIn1-xNyP1-y 
enables the light emission at a 0.6 pjn band. The 
conductive band discontinuity to a barrier layer is high and hence the high temp, high output 
operation is enabled at the 0.6 pm band. 
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[US] «3ttja**lflI±«-&S C fc <D WTffi* A 1 G a 
I n N P&©¥Stt^ftgB£3f{tt-r£„ 

K¥2*#g] nHGaAs»gl 0 1 ±fc, n|Ga 
AsM'?77il 0 2, n|(M» Gau )«s In 
as Pj?7-yKI10 3, //-F-^Alii Gaos ) 
as I no.5 PTgPtt«&Sl 0 4, /^K-yGaos 
I no.s PWII10 5a, yyH-^Gao.6 In... 
No.™ Paso fSftjflOS, /yK-^Gau I no.5 
PfP^Sl 0 5 b, y>H-y(Alo,5 Gao.5 )o, s I 
no.5 PlS3)tiSil0 7, pKAl.., Gao. 3 )o.5 
I nos Pi?77Kil0 8, pSGaas I n..s P7. 
/U^Ki±H09, pfiGaAs3^^HllO 




1 

[M#Kl] GaAslfilt, Ga,In« N,P 

mgk*mmpe>itsf&tMt, (a i.Ga,., ). i n 
p^^y vmzrcimmtiimzfcimmmt, set 

S£ftfc, A l fcN*£$ft^llI-VS¥Slf*frSfc 
Stt, G a A sIStfi?l^U WEfBfcSttG a A 

[ffi$32] GaAsSSi^ Ga.In.-, N y P 

i-y mgvm#&ioits¥&tMt. (Ai.Ga,-, ). i n 

P Z =7 y KM $ £ fctiWSff £ » 

mttnt. a i tuttst %wu-vm*mwfrt>% 

Jf«G a A s*K£1&?g£U KJE^SttG a A s 

*in*fc c i: £ ,fc ©xi^^-ipffiogft* 

*|C, Ga, I n.-. N,Pi, ffllMPfftfrSfrSie^teJI 
tf, A Ei + A Es.,.i. + AE»>0*i*fe-f .ka&ffijS 

[ffi&IM] G a A s»KJ:l«:, G a, I n.-, N, P 
.-v m&mttfrtt&f&tMt. (A l,.Ga.-, ).In 30 

„ p * v y km $ fc $ it ttmmm t „ mt 

mttilt. A 1 fcN**$ftVMII-VS5¥»f*J&»5'fc 

CH^5] GaAsS1£±l;:, Ga.In,-, N» P 
.-, JBft¥»«*6*55BtBfc, (A 1 1 G ai-i ). I n 

mtt^vYm* ratmrnm s itumsm tomicm 40 
ji«nfe» a 1 tnz'St.Kwu-vm^mfrfrtt 

fenS^77 KWBKRtf fcfttWJIlcH: n STOfifttf F 
[0001] 

[0 0 0 2] 

[ft*CD&ft*] fif*, Hft&ft 680nm~630nm 50 



1 1 -3 0 7 8 80 

2 

OA 1 G a I n P3g*m*EV*fc¥i»fl:l/- ; tfig^fcfc 

Xl^mm^O 8-3 0 7 0 0 5) 0 H7 45«fifiH\ 
(00 1)I*t«nlGaAsSIl±t, nSGa 
As^77lZ, niAIGaInPMii3, K 
f7nmfill. 5%£DT>'F-7*G a I nNPEJS 
SS?#P/l3JI£|gJP4 nmOTyK-yA 1 G a I 

Onmt.LrzTyV--fmmA 1 G a I n Pft&KHi; 

ii*Mfc"e**«n*^aji : ?ftpSttJi4, P 2ai 

Ga I'nP)t3fa«5, plA 1 G a I n Pl-yfXh 
<yyS6, P lAlGaInP)tiil7, plGal 

7-r-lc«fc!)S i Chvx*£J£figU ^T5*^X7f 
yf\z^m% ESS S T*J1 8 £ Jf 7 *xy 
U'j7i ? Xh7^7*tMn. ^{CS i OzVXi' 
£SLfc:i:$, n^GaAsS«i^H*^®lKS9* 
^StpSGaAsny^^Mio^ 
a»3i*fiRfiLfe«, pfgllfej:tfntI12§I 

T, H 7 <DBfii«3fi*Wr 
[0 0 0 3] B70i|q«*l/-'y*?fcftvvttt» 
%#WLfcGa I nNPi?ftFI*m^Ci:lcJ: 

e«flf^>K^iiaifcft«aE©o. 5~o. 6*5 
0. 8~o. 9rc$T'it*;£-eT^3„ uma^ k 

[000 4] 

f£f£#tt> A 1 G a I n PS±ltG a I nNPJI^fiJg 

#fi6*«JKLfco H 8 ©fcJSTHi* n-GaAsii2 
l±fc, n-GaAs^y77l22, n- 

(Al„Ga« )o.s, I nw P^77Ki(0<xl 
^1)23, n — (A 1 «2 G aid )o. 51 I nn« P*V 

fko < x 2< x 1 s 1 ) 2 4, ^mm^nwrnm^ 

(MQW)2 5, p-(AU Gaw )as. I nn PA* 
-YFH26. p-(A 1 « G a.-« )o.si I no.« P^7 
>yF!2 7, p-GaAs3y?^M28^M$n 

2 6fcra»J*0(A 1^ Gai^ )as. In.. P/^'J7 
2 9^, Gaos, Into N0.01 Po.» S14ii3 0i;© 
^WStC G a o.s, I no.* P cpdBJf 3 1 XZtiKffi 
ii:4oTWS. $7t, H8Ttt» ^y^^hB28± 
IC, $5>tC*S^MT*S5S i O2H3 2i:pfflil«ffi3 3 
*^«*tU $^^OKffit{in<PJj«@3 4*^«* 



(3) 
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[0 0 0 5] m8<D*m#U— rUt^Cfc^Tfct, G a 
oil I no.ffl N0.01 Pa» jS14B3 Oi(A ).! G a 
„ 2 )o.s, I n».o P^iJ7I29tfta(AliGa 
)as. Into P^7VKM2 4, 2 6 ttDitJ^S 
A 1 £N£^f;&l>III-Vgi¥3»ttT*£3G a 
o. s . In,., P^P^13 1 *mXLX^Z>£tlC£*). 
*SH14©fi#& G a».:„ I na« N mm 3 

[0 0 0 6] tCZX\ VgOTfgtfA s^PfrSft^II 10 

i - v *f t xmm ( n ) £ v mm^Ttm t 

46, Ga I nNPSttBi:, g**l&^T|I|-fflj£©G 
a I n P^BO^yF^-YT^At-i, 01 (a)^ 
•TcJ:5=&t©(^-r^II©feO)t^^Tt$9= fto 20 

[0007] *5§hb±, mmm*fa±.iE*£z>ttm 

iSAlGaln N P&<D¥a§ft^ftSgB£««-f 3£ 
[0008] 

11*^ 1 EftOfHEti* G a A sS1S±C G a, 
In,, NyP.^ SH^jiftfr e>&3%ftB^ (A 1 , 30 
G aw ).I n» P KBSfcaftji&BSrc.ilif 

Bt©F^C»S?nfc, A 1 £N£^3:&VMII-V& 

tv Mlfi^BS, Ga A sttffitte^g^U mtm 
ftB&Ga A sSSlcWLTE^**tT^5il2:^ 

[0 0 0 9] $fc, W^2fSI!c<D^«> GaAsl 
felt, Ga, In,, N y P,, ?H|¥2fftfre,&S^ 
Mt, (A 1 1 G a i-i ). In,, P >77V Kl$fctt^# 40 
SB £ fc ttPIISB 2: , Wtm h>7?vYm% rcitmm 

w 1 1 - v m*m#fr£> ts. z *bbb t **rr %*mw%. 

ftglT*£oT, MI5^BttGaAsSSi:^S^ 
U MI2fgftBtiGa AsS«£#LT?M£#LT 

[ooio] sfc, m^.m3mm<Dnmit, mxmiz 

fctiil^2lS»©¥®i*^SBtfe^T, AE«£ 
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^-WDgftM^-f^tt, Ga.Inn N, P 

,-, M&y-mfcfrztezftytmtiK ae,+ae,™. + 

A E . > 0 ftWc? i ? LTt^5 CI 2:£&$ 

tLXl^Z* 

[0 0 1 1] Sfc, IS^gUfgfcCDfgBJ^ GaAsl 
fcttc, Ga, In,, N y P,-y ^ B B B ¥3§ftfr "S&Sfgft 
Mt s (A 1«G a I, ). In,, P KBSfcteftg 

msrcimmmt, mtrntt^vYmzmmw®. 

mzrcimmmtcDmizmmztirc, a i *n 

^ in— v 6 a * i: * =rr s ¥»&fg 

[0 0 12] $fc, H*«5ffilEC!)^tt, GaAsl 
fi±E, Ga. I n„ N,P,-y 
Mt. (A 1 1 G a„ ). In,, P FB£fc«tt$ 
&BI:fc«l$gJI2:, FMSfctt3fc»» 

^in-v8MNi#^6asit'iiBjifc**r-r5i|^5i 

[0 0 13] 

ftgg«, GaAslfilC, Ga.In,, N,P., g 
s B B ^#^&*S^)li:, (A 1 > G a i, ). I n„ P 

t^vYBizrcitym&mzrcimmmt. z&tmtt 

5 -y FAS fc«^#iSBS fc«eHB2: «c«g£*i 
fc, A 1 fcN*$S4lMII-V«i|i»*ft»6ft«ifi|ai 

?S^L, SI^BtiG a A sS£k:*fLTES&g£1rL 

[0 0 14] ft^»i|m{**»6*«'\7 L n«Bfifcfett* 
Ay F*7-fe-y htDSiii: LTti, HarrisoncO^^S 

^KlAfcfctOfiSlflffcfflim^O/O F*5'7 h«A 
Ec, AE.ti^T'^nSo 
[0 0 15] 

[S51] AEc=-2 a KC„ -C„ )/C„ } e 
A E. = 2 a* {(Cn -C,2 )/C„ }e-b{(C„ +2C 

,2 )/C„ } £ 

[0 0 1 6] CCX\ a«fi»»©»*ES»*f->5/ 
a'l±ffiS : ?^(D#7kE^*7 l y^+;l/, btt 
tttta«*ry*>+;l/, etttt?E C„ , C« tt9Mt 

[0 0 17] B2(a)ttt. ±f2©HarrisonSlili:Eiffi 
HtJ;5x^;l/4 ; -5pfi^->7h^i=,^46fc, G a A s 



(4) 

5 

fcffi*?»©X*;t/#-l^;bEc, E»^*nr^ 
£„ ills. W&O'^t—Plt. G affiRMx tftZo 
H2(a)^6, Gal«x*tt?8^ttT6Sx = 
0. 5 2*t)fe'J^<LT» KfcBEWg*#1-*±3fc 
LTV*< t, «fllOX*A4 t -l^E.*<G a A 
sSfifctt^S^LTl^SflteitJfcitxiM/^-ttfc: 
5/7 I***!: ftoT, (fHBfcLTG a A 

st«?i^t5Ga»i I no.5 P*ffll\ 5§ftBi:L 
XEmmG a I nNPt^Si, 0 1 (b)K7jVfJ:5 

hftfttiMStlT. G a I nPtf^ItOlt?^^ 
K*»ttjb</Jv£<4S. CintJ:t), GalnNP^ 
ii^Ga I n P*MB^©iE?L©iift*'.h£ 

[ooi8] sft. *3m<om2<Dnmmm<D*m#f& 

3tettBtt, GaAsliilC, G a, I m-. N, Pi-, S 
B^lfti^ftSait (AliGan ). I n„ P 

a i fcN^*ttvMii-vflMHK**sa**n 20 

B^fcWLT&O, CCT> 4>IHIJIliGaAs£&£# 
?B£U ftftB«Ga AsS«KttLT3l®31£WL 

[0 0 19] {b^##ft©K^2pfi[*»JPi: LtcBm 

MZ-lf%M TAppl. Phys. Lett. , Vol. 60, No. 5, pp. 630-632 
(1992)J frP>t>%\ZZ£i*Vi*Zo *fc, <t£VH*m# 

~>7hlAEc, AE.J±^T*^nSo 
[0 0 2 0] 30 
[S2] A Ec.=-2 a KCn -C« )/C. } e 

AE. = 2 a' KCn -C« )/C } E+b{(C» + 2C 

, 2 )/C„ } £ 

[0 0 2 1] H2(b)fcti» GaAs3S«±fc3IS£G 
a, I n,-, P^JglSLfcfctoeflMlfcffim^OX* 
;l/^-^;l/Ec, E.*#«>fcl8S*>ta**ftT^5. 4 
fc\ £*<*X*7;*-*B, GaMxi:5:5o 02 
Cb)*»6s Ga«JSx*tt?8^*ft-eao5x = 0. 5 

< i: s «*? foi*;^- E.^GaAslfi 40 
fc#?B£LT^3»&J: K) *>Kx*;l,*HPJl^>7 h 
-TSCfctffcfrSo SE^T, fplSBiLTG a A s 

Ga« i nas p*fflv\ mtmt^xim 

IGa I nNP^S^ 0 1 (c)KmTiioK. £ 

M«^nT, Gain P*HIJfi:<Dfli«?flf/^>K^Jt 
«*VlvS<ft*» =t<01ttb. Ga I nNPMli^G 
a I n P *M1^0IE?L0aift*/h2 < f S C il#T* 

[0 0 2 2] ftfe, 5l3m©*£fcttBEI8£0*&fcl4 50 
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£ft»>, B2(b)*»6to*»*J:3t, ©WTFHSfcJtx 
^.;l/^-fi!lfci/7hLTl/>5o 3l§iaiGa I nNPM 
■©fiWTF** 1 , ^?e^-G a I n P *fflB<D£3i« 

<gTLTLS?<DT\ 3I5ESG a I nNP^I©£i 
&?H^G a I n P*fflm<DB.m%Ti®Z.*) 

[0 0 2 3] ±3S©»1, ^2©H«HKH©^ 

ftfSttggfcfc^T, Ga.In,, N,P„ £A¥*(t 

5©#&v 0 

[0 0 2 4] 

BS3] AEi + AEb* + AE,>0 

[0 0 2 5] cl£T\ AEittfiiRiaaa-rsCfclCj: 

5ffim^©x*;i/^-JPfii(W;i/)E.©E(b«, A 
E«r„. Bj^ipfcfcc fcfc J:*iW^©x*.rt/=p-- 

m&il^M E, ©SfkMT*a&*o 

[0 0 2 6] Ga I nNP^l^±^(S3)^ffifc-r 
^S^G a I n ?tpfflMt'\7-vM&*B 
ffcZ&Zt, KyYiHT9?LJ&. Hl(d)t^1-J: 
3£ft*(*^7*I©t>©lca;5). coi^CI^ fill 
^*?i:«m?miE?LOM^G a I nNPS)titi 

[0 0 2 7] fft 4 *^©a3©£Mfttt©¥*ftR 
ftttBtt* GaAslSlt, Ga.Inn N» P.-, jg 
S¥aittfr&4S3E)Wlfc» (A l, G a,-. ). I n„ P 

[0 0 2 8] -IStC, ¥#»BKpl!^%*K-tr> 
7*TSiU ¥SftB©7x/l/=-3l&(E„ )ttffix*;l/* 
HWfcS/7h-r*o 'NroSteTtt, 7i;^¥ffi^- 

I nNP«Jt«OpS!F-e5/y«SJ:5fefi^1RttTf 
«\ Gal nNP«3M©flHt ; f»±««/>F-7'0 

G a I n N P^tB©«8iS^±4gi:fe?S^G a I n 
P *R8B©ffiS?$±«©x*/l/*--ip{ai;©^> 
jl8tt'.hS < ?%t>%. G a I n N PM^BOffi 
«?»±«l*» «?S^G a I n P(pKB©ffi«?^± 
4g©x^.;l/^-!p{4«fc 0 fc±£{5Bf 5<fc 3 (H 
1(e)). fi£oT. pI^»©ffiaA*i«fc*J^T, 
G a I n N P^BtBA^G a I n Ptp^B^iEJL^ji 



7 

[0 0 2 9] $fc % *f|BJ©!i!4 ©IM?St©¥*#f§ 
ftSB&, G a A sS&tt, G a, I nw N, P.-, j£ 
B^ftfr&aSIBfcJli:, (A l,Ga» ). I n., P 

fcv A 1 fcN^t&^III-V&^jfftfr^&Sfp?^ 

TV£„ 10 
[0 0 3 0] H»fc, nS^ttft* F-tT> 

y-rst, ¥#ttJI©7x;l/:=*M&(E,,, )liiHx^;l/^ 
-flJK»>7hf*o 'Nfug^Tli, 7i^5W- 

a-rs«t3ta^*n5fci&, &A*+u7m*#Ga 

I nN^IB10nS!H-lf>^ft|[J:t)tffiV''ffi«T 
14, Gain P«t"IHJi©tt*?»±«tty>K-7'Oli 
££it^T{£x*;l/:£HllC->7hT3 0 G 
a I n P*W!©ffi*?»Jbiiii: G a I n N Pflftgi: 
Offi« : aF»^>K^aatt/hS<a5o T£fc>%, Ga 
InPWI©ilff±S!i, G a I nNPfgftjg© 20 

t«(8l(f)). ftoT, {S&AfliSc&^T, Ga 
I n N Pfgftjf fr€>G a I n P cpF4Jf ^©lETL©,!*!* 

[00 3 1] 
[HSfSM] Sfigfil i 

m 3 gustoi i o*»(*5Ktttii(iim^u— if*?)* 

*T HT*& •) » fgS£0!l 1 (H 3 ) tt, *ISBJi©!fi 2 tD^fig 

Jg*lcJ:«¥SW*fl3teRII<!)«#0!lfc38:oT^*o 03 30 
ZmWtZt. nlGaAsIil 0 1±|C, nlGa 
As^'y77ll02, nI(Al ai Gau )as In 
as P^77KU0 3, y>K-7°(AUs Gaas ) 
as I nos P~FfflfM®M 10 4, yy K-7°G a as 
I nas P4>iWJil 0 5 a, y>-K-7°Gao. 6 In,, 
Nao. Pa» fgftBl06, />K-7 P Gaas I nas 
Pf?ISJfl0 5b, />K-7*(A1« Gaos )as I 

no. s p±ffiytmmm 107, p sca 1 g au v, 

I nas P£5-v Kll 0 8, pSGa.. s I n u PX 
>UtWi±M 1 0 9. pSGaAsny^^hll 10 40 

[0 0 3 2] CCT\ &M©ii3 B B B $fi7?&tLTfcl\ W 
«&*«*Bj«ffl£*JB^fc. *7c, nSCAUr Ga 
as )as I nas P^^'VFU 0 3 ©BJP& 1 |i m, 7 
^F-^(A1m Gaas )as I nas PT»3fc»»)il 
0 4©gjp«0. 1/im. y>K-7°Gaas I nas P 
W110 5a©lfii2nm, />H-7*Gaa. I 
na, Nao. Pa, mtM 1 0 6 ©g/p{i 3 0 n m, 7 
VK-T'Gaas I nas Pffi 1 0 5 b©JIJ?B2 n 
m, />K-7°(A las Gaas )as I nas P_hSP7t^ 50 
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ftffl 0 7©gJP&0. 1/im, pl(AU, Gaa 3 ) 
as I nas P7^y KJIl 0 8©J1JP« 1 (ira, p3«G 
aas I nas ?7sfU^m±Ml 0 9©JlJS.i5 0 n 
m, piyGaAs:J>2£Mf 1 1 OOJWPttO. 5n 
mtLTco 

[00 3 3] ^LT, p§L J G a A s 3>W Ml 1 0 

msmmMcs i ot&iuti 1 l^nsu 7 

th'Jy^77-f-IIi:X7fyytioTplGa 
As3>^^Hl l 0±©S i Ott&flRl 1 lfcRfc 

1 2%HSLfc„ nlGaAsI 
«1 0 l©KffitttniJ*-5y^mil 1 3*»*L 

[0 0 3 4] H3®¥»(*l/-1fifr?T?tt, A 1 £S§f£ 
7iMt LTGtSS > K-7°(A 1 as G aas )as I nas 

PftWfl0 4, 1 0 7 i:, UZMf8.7mtLX-$tS 
/>F-7°Gao6 I nu Nao, Pa- WtM 1 0 6 t 
©Wt, A 1 tNZMf&TimtLT-S&i&^SyF--? 
G aas I nas P$mm 10 5a, 105 b*ft? A£ft 
T^5 0 ClltiD, y>K— 7°Gaa 6 I n»< Nao, 
Pa. 5BtSl 0 6©|g,&tt*i$#bT\ IBWOffefc 

[0 0 3 5] ZZlz. 7>F-7°G aas I nas ptpHJ 
1105a, 10 5bti, GaAsI^l 0 lt^lT 
«fl*t4il«l:4oT*») t 7>K-7Ga. t I 
nu Noo, Pa» f£ftSl 0 6tt> SSI 0 1 fcttL 
T, 0. 6%©§IS£**fl,TV*. &?§£LfcG a 
as I nas P fpHIJI 1 0 5 a , 105bl:fI(N)^l 
%*A"r* Stffiffif titt 1 5 0 m e VfthU AM 
? *±*jB©x*.^-qStttt|«j 1 8 m e V©l^;l/#A 
E«£W-ffiT1"«(AE» = 1 8 me V)„ — Gain 

Cffcfe%» {WAtfGaa. In„ P £ Lfdi^CfciX 
02(b)«tD, Gau In., P©W??&±4ffi©X* 
Gaos In as P ttb^T, 3 4 m e V 

strain 

+ A E» = 3 4 m e V) 0 t^oT, 
A E « + A E sir.i„ + A E . > 0 £S£ L T *5 5 , / y K 

— 7Gao.e I no, Noo, Paoo |g^l0 6©ffitt? 

»±«ftt, />K-7Gaas I nas P^HSl0 5 
a , 10 5b (Dmn^W±^ K> t)±£tttr*i5 1 
45®l(d))„ 

[00 3 6] 7yK-7°Gao.6 I na, Nu P 

a» »3ttJil 0 6©g#^T«©x^;l/^-Sp{4{i, y 
yK-7°Gaas I nas PtfJra^l0 5a, 105 b© 

e*»Ti8*t)t.|«l8 0meVffiT1-*(Hl(d))o C 
tlJCkti, />K-7°Gaas I nas PW105 
a, 1 0 5 b t/>K-7°G ao.o I na, Nao. Paw 
Wtm 1 0 6ODH|ffi(ir7Mfn«^ffifi)ttir^ 
^Ilc^S. fcT> e«^«?i:{ffi«?^iE?L©(t5^ 



V 
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AWF-^G aoo I na.4 Nam Pa*. #§#J1 1 0 6 

[0037] z<d£ok, mmmiT'it. *?$mtL? 

G aA st^m-^t^G aos I nas P£fflt/\ lift 
Jf £LT3I3SSG a I nNP^ffl^Tl/^ft*, gig 

#ii«£tlT, Ga I nP^JftOtilW^AyF* 
a£!tf'.hS<&^ cntioT, GalnNPfSftJf 
i^Galn P ^fgfi^IE^jf ft**;* <-f?>C i: 

^^^s-r^ct^-et^c io 

[00 38] ^«e#ii2 

111 ^lfi£^S©^ft0y£&-2T^3o 04£35^T, 

ftt>%, 04^#BI-r^»t, y>F-7°(Alas Ga 
as ) M I nas PT«3t»»fl 1 0 4±Kf±, SJJ2 n 
m<0/>Y— 7G aas I nas Pfplgjf 1 0 5 a, JgJP 
3 0nmO;yK-/Ga«« I nis Nao, Pa* f§ 
*12 0 1, ii2nm®y>H-yGau In ls P 20 
Wl0 5b, /yF-y(Al ls Gaas )as In 
as P±g0ftj»&S 1 0 7tfJ0lli:«JiSnTV>4. 
[ 0 0 3 9 ] m 4 *f*??tt» A 1 

TCjRfcLT^tT/VK-yCA las Gaas )as I Das 

PftjffiSJll 0 4, 1 0 7t, N*Mf8,nMtLT^ts 

y>h'--/G 3a« I nasi Nao, Pa* %*f201 

££>Fb3£, A 1 tNZM&TtmtLTSZrji^/y};- 
^Gaas I nas Ptpfflfil 1 0 5 a, 105b£IS#T 
^SCtKit), y^K-^Gaa*, I nu Nao, P 
a» mW§2 0 lC^MIJn, 5et«**fil± 30 

[0 0 4 0] ^e>t, y^K-^G aas I has PtpK 
1105a, 105btt, GaAslffilOlt^LT 
%®l8Lt%.-?TlS*), />K-yGa,« I 
nass Nam Pass %%M 2 0 1 LT, ft 

0. 5%©EISS*WLT^So f&^B^LfcG aas 
I n..s PtN* 1 %#Af Sfc, KMfffftt»l 5 0 
meVl&hU fiittft±1%®3L*)l#-mtiLim 1 8 
me V©U^;l/#A EifcttffiTfMA E» = 1 8 me 
V). -73, Gain P©l^*£*TjE«Hfc*rrs 40 
i^fcbfcli^fcttC-rarto-B, m«Gaa« I n 
ass PbL1ti§&iCtt)s 02 (a )J:tK Gaa« In 
ass P©iiS?^±«©x^;l/4 I -!p{Sl[ttGao.s In 
« s P£MT> l533meV±#n(AE, m » + A 
E» = 3 3me V) 0 fct, AE. + AE-n,. +AE, 
>0£jgJgLT*5t>, yvK-^G aa« I nass N 

an Pass fgftS 2 0 1 <Diffi«??f±««\ y > h'~7 

Gaas I nas PffiS/Il 0 5 a, 1 0 5 b ©ffl*W* 
±ffi i HI t filt 5 J; 5 1:4 § (0 1 ( d )) 0 
[0 0 4 1] S/i:, y>H-^Gao.« I nass Nao, 50 
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Pa» isftji 2 o i oeifWTttox^^-Jpffia, 

y^K-^Gaas I nas P ^jf 1 0 5 a , 10 5b 
©e**T«±&feTfc{Mrr*(Bl (d)). 6£oT, 
y>K-7Gao.s I nas P ^Jl 1 0 5 a . 10 5b 

fcy>K— 3a* I nass Nao, Pa» ftftS 2 0 

-^G a«.« I nass Nam Pa*. f&tM 2 0 HCM'P 

[0 0 4 2] CO* 5 IE, *J6092Ttt, *H§fi2:UT 
Ga A s tftTS^tSGau I nas P*ffll\ 
Mt LTE*§^G a I n N PZm^T^Ztzib. MM 

(N)%sSALfcc tKLZsmmmw m<o->7 

iffi&ZtlT. Gain P*HBfc©ffi*y?|f^:/K* 
3ftBt3bVh*<a:»)» CtUcioT, GalnNPfiftB 
MGaln P*llM^0IE&©illft*/hS < f 3 C t 

[0 0 4 3] ^fiftffilS 

0 5 tt*^©HS6^ 3 0*imtt#87ttftB(¥JW*U- 

fBMIW*1.0«3fittll«ifi! 1 illltttctT^figLfc. -r 

B5*#Sai-«^ yyF-^CAlos Ga 
as )as I n..s PT»3fc«SJI 1 0 4±fctt, HJP 2 n 
m£>yy K-:/G aas I nas P^Il 0 5 a, if 
3 0 nm<DMg K— ~fG aas I nas N 0.0) Pass ?§7i£ 
13 0 1. IP 2 nmO/yF-^G aas I nas P<f 
riI10 5b, y>K-^(Alas Gaas )as I nas 
Pi.Wim^M\ 0 7i^mSf£tlTl^ 0 CCT\ Mg 

K-^Gaas I nas Nao, Paoo i3tl3 0 lOMg 

K- \Z>?m&& 2 x l 0 " c m" 3 t Lfc 0 

[0 0 4 4] G aas I nas N am Pass IZ. p ?§^$tj$!l 

M g K-tf y i D t>fiV^««Ttt, M g F-7G 

aas I nas Nao, Pass fgftB 3 0 1 ©ffi*?»±<i 
fcty^F-^G aas I nas Naoi Pass O^tit^ 

Ti§[x*;l^-ilKS/7 h-TSo cntiO. Mg F— 

^Gaas I nas Nam Pass ^BtM 3 0 1 tOfflBfltPlf? 

±«fiyyF-^Gaas I nas P(PH«1 0 5 t<OM 

Wfm>*> ttmm&'bz < £s 0 -r^fe^, m g f- 

^Gaas I nas Nam Pass 3 0 1 CDffiH^ 

±jg«y>F-^Gaas I nas P <WSJ! 1 0 5 
5(Hl(e)). fifoT, #KfittA1R«C*V^T, Mg 

F-^Gaas I nos Nam Pass fgftg 3 0 1 ?> y 

^F-^Gaos I nas Pfflfl 0 5 a, 1 0 5 b'N 

oiE?Lojin%/i^<-r5c^^-pt, ftxuhmzasim 
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[0045] mmm4 

ft e 1-fcfc5, 06£#MT*^ />K-y(A u. 
Ga« )». s I n« PTffl9fc*ttJBl 0 4±fcH\ JIJP 
2 nmZ>S i K— a«. 5 In« P<PP^B4 0 1. if 
JP3 0 nm©y>K-/G a». s I ru* No. 
)tl4 0 2, If2nmOyyK-7 P Ga as I nos P 10 
■WH11 0 5b, yyK-^(Al« Gau )o.s In 
m P±Wit3i»Hl 0 7*^MI*tlT^«. CCT\ 
S i K-^Gau I nos P tp-HJf 4 0 1 <D S i K— 
yfM&lt 5 x 1 0 " c m" 3 £ Lft„ 
[0 0 4 6] Gacs I nos P t nIPNse$lt?£3 S 1 

>^ttJ:t)fefiV^1!R«1?tt» S i K-7Gao.s I n 
.5 P<PfHl 4 o 1 ©flM?*±Ktt/ > K-^G a,, 20 
I ncs PO^tJ±^Tfgx^.;l/4 i: -»ci/7 
3 0 CtUCfcD, S i K-7Gao. s I n<u PtpfWg4 
0 lOfflm^JtJBtt/^K-yG a..s I no.s Ni. 
Po.» RftJI 4 0 2 K*3SIS*VhS < 

4*. -ffcfc^ S i K--/Gao.s I no. s PipMi4 

o i<omn : ?&±mts>\ : --7G a«. 5 i n .. s n™ 

Pa- mm 4 0 2 ©ffim : ?^±ffi©x^;l/^-fiig<fc 

ffiaAffi«fcfeV^T, />K-/Ga is I no. i. N*. 

Po.o» ^)tl4 0 2^e.SiK-7"Ga.. s I no.s 30 

RSI 4 0 1 '\OIE?L0iIft*'jM£ < f 5 CI t #T't, SS 

[0 0 4 7] • 

[RUB©***] W±KK«tfc«fc5K:» MsRJSl fBic© 
SSWCktitf, G a A sSfcJifc. Ga.IriH N, P 

.-, mik*m#frt>%z>5%y£mt, (a i,Ga,., ). i n 
mtt'yvYmtztz imm&is s ft a mmm t © me a 

gStlft. A 1 tN*^aEJB:lMII-V»iHI(W»5* 
g«\ G a A sm&£tiffm£U fflBS&tMttG a A 

[0 0 4 8] 3: ft, W5ftW2E«0«WKJ:tUf, Ga 
AsS*g±E, Ga, I n„ N y Pi, SJMmttfrSft 
SietMi:, (Al.Gan ). I n„ P*7yFJI£fe 

«a^II-Vfl|aNW4*»6!!i:**IBlk**-r«i|s 50 
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JW*SyiHtliT?*oT, BufiB^iltiGa AsIM 
^B^U ttGK)WttG a A sSfit»LT5l3BI* 
WLTI/>£<DT\ 5Bt)i^6'ti|fflJI^©]E?LO»n*/jN 

[0049] as ft, »*«3i5«8<bHWtintf, n$ 

E i *S*% jg JOT 3 C t tc «fc 5 ««?^cDx^;l/^- 
*ffi©S{t*i:U A E«r>i» *m%inz-tcz.£lz&5 
«t?HM>x*>l/*-lptto»fc«i:b, AE.*IIIK 
7dRffllfi*«Hf «^*ft*» £>I?*ft C fc K «fc 
©x*;l/*-*fiOSffc*2:-rsi:tte, Ga.In,, 
N,P., aUMHKt&&&«R%j|tt. AE. + AE 
«• +A E.>0*jHft-r<k54iiafiK*#LTf>5<D 
T\ G a I nNPJBMilfrfi^G a I n PtpP^Jfi; 

7lfc4»>» eWKD«?t»t?1|K!>iE3fLfcOflS«« 
Ga I nNPRJWfcJMiU *?03»B!&**IrI±* 

[0 0 5 0] ^ft. fll««4lE«0»93Kintf» Ga 
■ In,, N, Pi-, ^ItttpM^^H-lf^^ 
tlTl**©^ aA^+UZ^SA^G a I nNPfgftJl 
© P SK-tf>^ziSJ;*)fe{fiV^T-{±, GalnN 

tv pIK-^Ga I nNP^IA^G a I nPfpf^ 

[00 5 1] Sft, M«S5E«<D«Wfc±ntf» 
<Hni^77 KlfiiJE^tfttpP^Eti nW^WM 

WtTVlMtty y K-T'tD^Etfc^Tfix^;!/^- 
«E*>7hU ftoT, ffiaAffi«lC*l,>T, Gain 
N P WiMtt n^ J K-^cpP^B^iETL^iin^/h* 

m 1 ] «^W(*»jeSllOG a I n P^P^li: G a I 
n N PMf©A> mjTV^k^-tmT'hZo 
[12] GaAslfiLhCGa.In,, ?MV>&M^t 

[03] *^onsg0ijnc«fc?.^ftfi^ge^-r 

[0 4] *^OSISS0<J2E<t54 £ #ft^gB*^-r 

[0 5 ] *%Bjo^gg0ij 3 k &%*mmffl&m%7iit 
i® 6 ] *?m<»$mm 4 E<t ^mwmm'm^t 

[0 7] «*©¥«ft«JW?*srHTf**. 
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[08] f^03^f8tt*?*jj?"rHT*fc*o 

101 nSGaAslfi 

102 n|GaAs^7r! 
1 0 3 nUKA 1 ar G a., )as I nas 

1 0 4 />K-/(A K, G a«.s )a* 

I no., PTSSftH&Jf 

105 a, 105b /yK-T'Gao.s I n«.s 

106 /yK-/Gaa« I nil Nam 
Pa. 

1 0 7 /yK-7(A 1.5 G a 0.5 ) os 

I n.. 5 P±a57t*»H 

1 0 8 pS(A la; G ao.3 )as I nas * 



(8) 

* P£5>y KJf 
1 0 9 
It! 
1 1 0 

1 1 1 

1 1 2 

1 1 3 

2 0 1 

o.oi Pa«s fS^clB 

10 30 1 

Pass 

4 0 1 

If 

4 0 2 
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pUG 3as I nas P*/tOK 

plGaAs3>^^ 
S i 0>fel8JI 

y>K-7°G a„.« I nass N 

Mg K— 7°G a as I nas Nam 
S i K-7"G a as I nas Pfpffl 
7>H — 7°G aas I nas Nam 
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